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INTRODUCTION

This report includes abstracts and bibliographic lists on major
contractual subjects that were completed in October, 1972, The major
topics are: laser technology, effects of strong explosions, geosciences,
and particle beams, Sections on material science and a biocybernetics
bibliography have been included as the optional topics, as well as a sec=-

tion on items of miscellaneous interest,

To avoid duplication in reporting, only laser entries concerning
high-power effects are routinely included, since all current laser mater-

ial appears regularly in the quarterly bibliographies.,

An index identifying source abbreviations and an author index to

the abstracts are appended.
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1, Laser Technology

A. Abstracts

Zverev, G, M,, Ye. A, Levchuk, V. A.
Pashkov, and Yu. D, Poryadin. Surface

damage in lithium niobate and tantalate

from laser radiation. Kvantovaya
elektronika, no, 8, 1972, 94-96.

This is a more detailed analysis of experiments recently
described by the authors (April Monthly Report, p. 2) on laser damage
thresholds of LiNbO3 and LiTa03. An Nd glass laser was used in both
free-running and single pulse rmodes to establish the threshold characteristic
of wafer specimens with initially polished surfaces. In the single pulse
regime the second harmonic (0. 53n) was also used, but this showed no
significant change in damage threshold over the fundamental. As reported
earlier, the point of emphasis is the anomalous cumulative effect of pulses
on lowering the threshold, which distinguishes these materials from other
transparent dielectrics such as ruby or glass, The comparative effect is

seen in Fig, 1 for th: two test materials,

ral
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Fig. 1. Damage threshold in LiNbO3

(1) and LiTa03 (2) vs. number of laser

pulscs -1-
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The authors cite numerous observed effects to indicate that
nonlinear absorption does not play a part in the damage process here;
for example, threshold was virtually independent of the level of surface
polish in the target specimens, It was also noted that, beyond a certain
focused spot size, threshold became independent of spot size, as seen

in Fig. 2. The following mechanism is therefore proposed: for LiNbO3,
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Fig, 2, Damage threshold in LiNbO3 vs,

beam diameter

existing concentrations of Nb5+ ions on the surface canse a preferential

surface heating under the laser pulse leading to Nb4+ formation and a further
surface absorption; this process is cumulative under repeated pulsing until
threshold is reached by local heating. The same would hold for the Tast—*Ta4+
reaction, although this requires a higher temperature (600-700° C), which
would explain the higher threshold characteristic of LiTaO3 in Fig. 1, The

authors also note that the natural piezoelectric properties of LiNb0 may be

3
a factor in its damage threshold, owing to a surface charge layer, and propose

further tests along this line. Sample damage photos are given in Fig. 3,

Fig, 3. Surface damage to laser-irradiated
LiNb0O,. a- single-pulse regime, after 6--8
pulses at threshold (x 300); b- after 20--30

pulses (x300); c- after free-running exposure
(x 150)

.2-



Popov, S. P, Stationary regime of the radially-

symmetrical motion of laser heated vapors, taking

temperature and ionization nonuniformity into
account, ZhPMT, no. 4, 1972, 3-7,

This is a theoretical study concerning the effect of temperature
and ionization nonequilibrium on the motion of vapor products generated by
laser interaction with a solid surface, The case is considered for stationary
motion of a radially symmetrical vapor cloud, generated by power densities
q=5-20 Mw/cm2 and focused radius ro = 0,01-1 cm, In an earlier paper
on this problem, Nemchinov (PMM, v. 3, no. 2, 1967, 300-319) considered
the coefficient of beam absorption to be constant or to vary according to a
power law as a function of temperature and density, The conditions for a
stationary regime were then established in terms of vaporized mass, surface

pressure, maximum vapor temperature, and vapor cloud radius.

Popov extends this treatment to account for a more realistic
behavior of absorption coefficient as a function of temperature and density,
referring to a stationary regime at T = 20, 000°K and q = 100 Mw/cmz, i.e.
in the range where transition from the nonshielding to the shielding situation
occurs, Nemchinov and Popov have previously analyzed the effect of
temperature nonequilibrium on plasma heating in this model, showing that it
acted to reduce the critical flux q at which shielding begins, (February 1972
Report, p. 5). Popov shows that an analogous situation applies to the
stationary mode; in fact, for the assumed parameters of the cited beam-target
model, q, drops by a factor of 2-2,5 when thermal nonequilibrium is taken
into account, Graphical solutions are given coraparing transition region

characteristics for the two cases,

3=
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Sultanov, M., A, Razrusheniye nekotorykh
prozrachnykh dielektrikov pod deystviyem
neodimovogo i rubinovogo lazerov v rezhime

svobodnoy generatsii, (Damage in various

transparent dielectrics from free-running

ruby and neodymium lasers), Fiz-tekhn,
institut AN TadzhSSR. Dushanbe, 1970, 19p.
(RZhF, 5/72, no. 5D1093)

It is shown that a powerful laser beam interacting with various

polymer n:aterials will generate a hydrodynamic explosion procese, which
accompanied by a shock wave and plasma formation in the material, The
destruction mechanism in transparent dielectrics is postulated in the beam

focal region as well as behind it,

Adam, A., D, Horvath, P. Hrasko, Zs,
Kajcsos, and M, Labadi, Positron
annihilation in a laser radiation field.
Kozp. fiz, kut, intez., no., 72, 1971,
(RZhF, 5/72, no. 50196) (Translation)

Positron annihilation in NaCL crystal was observed in the
presence of a laser field, It was established from time spectral analysis
that the decay constant of long-lived components was approximately 20%

greater under laser radiation than without it,

is



Mitsuk, V. E., R. M, Savvina, and V. A.

Chornikov, Optical breakdown in gas mixtures,

10th Int'l Conference on Phenomena of Ionized
Gases, Oxford, 1971, 233, (RZhMekh, 8/72,
no. 8B201)(Translation)

Studics were made on lowering the breakdown threshold of
gas mixtures irradiated by a Q-switched Nd glass laser. The mixtures tested
were Hg + Ar, Hg + Kr, Hg + He, He + Ar, He + Kr and He + Xe. Test
results with all mixtures agreed well with the theory of simple avalanche
ionization of gas by electrons, and indicated that atom-~com collisions are

not a significant factor in the breakdown process,

Osadin, B. A., and G, 1. Shapovalov, Pulsed
vaporization in a vacuum, TVT, no, 2, 1972,
361-367,

Works on the effects of laser radiatica on substances in a condens:
state by Anisimov, ct al. (Nauka, 1970) and Afanas'yev anc¢ Krokhin (IN:
Trudy FIAN, v, 52, 1970, 118), which considered evaporation under the
influence of high-intensity heat fluxes, have as a rule examined the quasi-steady
stage of the process, characterized by a constant veloeily of the evaporation
W ave moving into the substance. The present paper deals with the non-steady
stage of the process at moderate heat fluxes (Q = 105 - 108 w/cmz) which,

besices lasers, can also be created by electron beams in an electric discharge.

A computer-aided solution of the equation of thermal
conductivity was obtained for aluminum, copper, and titanium, Consideration
was given to evaporation from the surface into a vaeuum at heat fluxes of
105 - 10 w/cm'2 to the surface, The time relationships of the process of pulsed

evaporation in a vacuum are discussed, as well as the application of the
obtained solution,

HER



Bonch-Bruyevich, A. M., Ye. N. Kaliteyevskaya,
and T, K. Ra'zu‘mova. Effect of single-pulse ruby

laser radiation or; a mercury arc plasma. OiS,
v. 32, no, 6, 1972, 1171-1175,

It was determined by the authors that, when the radiation of
a single-pulse ruby laser is focused into the region of a direct-current arc

discharge, the discharge radiation flux increases and the voltage at the

. discharge gap drops. A superhigh-pressure mercury lamp was used in the

investigation; the interelectrode gap was 1.4 mm; the incandescent body

diameter was 0.9 mm; current was 6.3 a; and the discharge gap voltage was

43 v, The voltage drop is linked both to photoionization and, more significantly,
to electron heating by laser radiation. Assuming that the electron concentration
value is linearly related to the decreasing laser radiation, an increase of the lam
flux radiation in the background region proportional to the square of the number
of electrons will have a square-law relationship to the laser energy. The line
flux increment is apparently linked to a population density increase of the
corresponding states of Hgl, The increase is also probably related to

population due to recombination during triple collision, stepwise electron
impact excitation ar-l eadscade transitions from the higher excited states populatec
during ion recombination, An evaluation of the energy balance in the excited
plasma shows that the energy consumption for additional ionization and
excitation, heating the initial electrons and the new electrons and ions, and

for radiation comprised about 30% of the absorbed energy. This evaluation

was made under the assumption that the plasma was heated from 8000 to 8600 K,
the number of electrons was increased by 75%, and the radiation flux was

increased by 100%,

-6-
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Zaritskiy, A. R., S. D, Zakharov, P. G.
Kryukov, Yu. A, Matveyets, and A. I.

Fedosimov, Variation in the back-scatter

radiation spectrum from laser heating of a
plasma. ZhETF P, v, 15, no. 4, 1972, 184-
188,

(CHZ)n, (COZ)n, DZO ice, and Al were used as targets in
spectrum measurements of laser beams reflected from plasma. The
emission source was a mode-locked neodymium glass laser comprising a
generator and a six-stage amplifier. The spectral measurei . nts and the
plasma heating were carried out on a fundamental frequency A = 1. 0bp as
well as the second harmonic A = 0.53p., Harmonic conversion was effected
at an efficiency of up to 50% by a KI(.;)P crystal. The initial oscillation

spectrum was contracted to~/0,05 A by inserting Fabry-Perot axial mode

selectors into the resonator. The laser pulse was thereby lengthened to 1 nsec.

Spectrograms for four laser bursts on a LiD target (objective
f=4,5cm, A = 0.53¢) show that a large number of equidistant lines can be
seen in the light spectra reflected from the plasma. The lines generally are
situated both in the Stokes and the anti-Stokes portions of the spectra, The
number of lines is a function of the energy and, as a rule, the greater the
burst energy the greater the number of lines, The width of each line is within
the resolution limits of the equipment (0,05 A). At an output-energy level of
about 5 j, spectra were recorded with variable focusing: objective f = 4.5 cm
and lens f = 30 cm. In the first case line multiplication was continuous, while
in the second case it was observed in about half of the bursts; this reflects the
threshold character of the effect, since the focal spot diameter was one order

greater for the lens.




Supplementary measurements show that the equidistant
lines in the reflected-emission spectra are linked to the presence at
the incident-emission line of weaker companion lines (at least one hundred
times less intense), The distance between the companion lines is equal to
the interval between the lines of reflected light, These lines were found to
be due to the selection in the generator modes of exceptionally weak

interferometer optical element parasitic reflections.

Kochelap, V. A. Negative absorption of light

in a dense ionized gas, ZhTF, no. 2, 1972,
449-451,

The theoretical possibility is explored of achieving negative
absorption in a non-equilibrium dense ionized gas through electron radiative
capture by neutral atoms which exhibit affinity for the electrons (negative ion

continuum)., The gain factor formula

r L TOR

. A R N
Z () = zm :_( =S N M g —
: AT [ J

(1)
(where wis the cross-section of electron photodetachment from the negative
ion, g, and g; are multiplicities of degenerate atoms and ions; m, is the electron
mass; € is the atom affinity; and n,n, and n, are concentrations of atoms,
electrons, and negative ions, respectively) was derived from consideration of
thermodynamics. This formula shows that a gain in the negative ion continuum
can be achieved, if n, is maintained below its equilibrium value, An evaluation
of &« was made for a nonequilibrium H plasma with Te = 5,000° K using the
formula and the assumption that n, —» 0. It was shown that a significa.ntlsgain
can be achieved under these conditions; e.g., at the frequency w= 2,10
ssec-1 and the degree of ionization’x = 0.5, a attains a maximum value of
0.3cm . A predominance of photostimulated over spontaneous emission

from a nonequilibrium ionized gas interacting with a powerful light wave isshown

-8
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to occur at a photon optical density q > q . The threshold q for H under

the cited conditions is 9, = 2 x 1013 cm ~, A theoretical high quantum yield
can be obtained in the system studied, The low n, values necessary for
realization of negative absorption in nonequilibrium plasma presumably may
be attained by cooling the electrons to Ta in a time i significantly shorter
than the times of electron capture by neutral atoms and the electron
recombination with posiiive ions. A nonequilibrium plasma with the required
parameters can also be created by directing an neZ 1016cm-3 electron beam

into a gas.

Poplavskiy, A, A., G, P, Tikhomirov, and T. S.

Turovskaya. Electron microscope examination

of radiation damage in dielectrics. ZhTF, no, 7,
1972, 1462-1463,

A brief description is given of laser radiation damage to glass
and a combination of ZnS plus Mg F‘2 on a glass substrate. In all cases the
beam intensity was below visual damage threshold, ranging from low levels
up to 85% of critical. Fig, 1 gives a magnified view of laser effect on polished
type K-8 optical glass, showing the increasing fusion effect as threshold is
approached, The overall damaged region was noted to be considerably

greater than laser beam area,

(See Fig. 1 on next page)



Fig, 1, Subthreshold damage to glass,
Fused region in (b) is 6u in diamecter,

In contrast, the layered dielectric coating showed damage

beginning at a much lower energy density. Fig. 2 shows cavities on the

Fig., 2, Subthreshold damage to ZnS+MgF) on
glasg a- at 0.4 Qphpi b- at 0.85Qthr

order of 2u appearing at 0, 4chr' The tests thus verified that the damage
cffect in the two cases was different at low laser energies but becomes
qualitatively the same as threshold is approached. The damage patterns
suggest that cnergy is absorbed in a subsurface layer, in accordance with
the results of Bonch-Bruyevich et al on optical glass (cf Effects of High
Power Lasers, Dec. 1971, 52)

-10-



B. Recent Selections

i. Becam Target Effccts
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of wire joint formation from pulsed lascr beam welding, FiKhOM,
no. 5, 1972, 11-14,

Bayramov, B, Kh,, B, P, Zakharchenya, and Z, M. Khashkhozhev,
Sclf-focusing of argon laser radiation in BilZSi_O20 crystals, FTT,
no. 9, 1972, 2730-273¢,

Danileyko, Yu. K., A. A. Manenkov, V. S. Nechitaylo, A, M.
Prokhorov, and V. Ya. Khaimov-Mal'kov. Role of absorbing

inclusions in the destruction of transparent diclectrics by laser
radiation, ZhETF, v. 63, no. 3, 1972, 1030-1035,

Gerasimov, B, P. Effect of laser beam scattering and absorption on
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9D93 4)

Gryaznov, 1. M,, A, A, Kovalev, L, I, Mirkin, and P, 1. Ulyakov.
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Stoyanova, 1. G., A, A, Timofeyev, A, V. Antipova, G. G.
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2. Effects of Strong Explosions

A, Abstracts

Alcksandrov, V. V., and V. N. Koterov,
Classification of shock waves in a radiating
gas. ZhVMMF, no. 3, 1972, 700-713,

All possible shock wave types in a radiating gas were
studied theoretically on the basis of the differential equation in the phasec
planc, i.e. in a gas velocity v-radiation density W coordinate system
rather than in the standard v-optical thickness T system. The phase plane
system introduced by onc of the authors (M7hiG, no. 1, 1972, 144-155)
simplifies calculations, assuming that the radiative energy transfer is
described in a diffusion approxirnation of radiation intensity, Presumably,
a plane stationary slhiock wave propagates in a gray, inviscld, thermally
nonconductive perfect gas, simultancously radiating, absorbing, and
scattering. The carlier cstablished basic cquations are solved by plotting
two integral curves originating in the (v‘ ’ 014) and (VZ' 024) singular points
in the v-w planec and by determining the gas velocities v- = v(-0) and v+ = v(+0)
at the discontinuity boundarics, The assumption of a thermodynamic

equilibrium at |7| = = led to the boundary conditions

w(1y) = 0'(e,) =0, w(e,) =0(p,) =0,

(1)
where Ol". 924 arc the singular point temperatures, The carlier established
discontinuity condltion led to the conclusion that the v proflle is continuous
only at w(v ) = 9 (v )= 4, where Ve is the velocity in an isentropic sonic
plane. The (v : 0 4) point is the third singular point of the w(v) integral
curves, Analysil of the basic dw/4v equation and its solutions for singular



points made it possible to distinguish threc types of shock waves: weak (1),
and strong with pre-critical (2), or supercritical (3) amplitudes., The
shock waves are considered weak when the gas propagates through the wave
at an isothermally supersonic velocity v, > Vo (vT=l /2 is the velocity in

an isothermal sonic plane). The strong waves, at v, < Ve are of pre-
critical or supercritical amplitude, when cither v is totally disperscd at a
sufficiently strong radiation eftect or v is only partly dispersed at any
radiation effect. A weak wave can be cither partly or totally dispersed,
depending on whether the effect of radiation on gas flow is moderate or strong.
Conditions for the existence of the cited wave types are formulated in terms
of the independent parameters ¥, Mlz. and b (b is the radiation cffect para-
meter). The w(v), v(7), and 8(T) curves are plotted for each wave type.
Three asymptotic expansions of the basic differential equation describe the

structure of the cited wave types in the presence of a strong radiation effect
(b < 1),

Blitshteyn, Yu. M., S. 1. Meshkov, and A, V.
Chigarev. Wave propagation ii: a linear visco-

elastic heterogeneous medium. MTT, no. 3,
1972, 40-47.

A theory of wave propagation in real media (polycrystals,
composite materials, rock) is developed on the basis of a viscoelastic medium
rheological model. The model is described by

0, = Aeud, + 2pe,, (1)

where A and p are linear integral operators whose kernels are continuous
functions of space coordinates. The stress ('lj) and strain (cij) components

elb-



in (1) are cxpressed by a Cauchy formula and the cquation of motion for

a continuous medium whose density p is a continuous function of space
coordinates, Since the viscoclastic coefficients of heterogeneous materials
arc discontinuous functions, shock and acceleration wave propagation in
such materials is described by the equations of discontinuity, The equations
of wave surface motion and amplitude along a trajectory 0 normal to the
surface of a heterogeneous medium are derived from (1) with allowance for

a Cauchy convergence test and the cffects of wave reflection and refraction,

Formula (1) and the convergence test indicate that two kinds
of shock or acceleration waves (longitudinal and transverse) exist in a
heterogencous medium. The propagation velecities A(p)and A(t) of the
longitudinal and transversec waves obey the laws of linear heterogencous
clasticity

A==, A=) 42, A" ey (),
where C is the propagation velocity normal to the surface. The acceleration
wave amplitudes L(p) and L(t) satisfy the equations of the shock wave
amplitudes S(p) and S(t). The waves with removable and nonremovable
discontinuitics therefore propagate according to the same laws in heterogencous
as well as homogencous viscoclastic media. Solutions of the S cquations for
a plane wave propagating in an oscillating viscoelastic medium reveal that S
may be periodic or aperiodic. For a stochastically heterogencous medium,
the velocities A(p) and A(t) in (2) are random functions, and their distribution
is stationary when the simultaneous distribution of density and clastic
coefficients is also stationary, For small fluctuations of density and clastic
coefficients, the solution of the ds/do equation for S in a second approximation
and the derived formula for the S correlation function in a first approximation
indicate that the random distribution of S fluctuations is nonstationary,even

for plane waves. In the general case, the dispersion of S fluctuations decrcascs
along the ray o,

-17-



Fortov, V., Ye. Acoustic radiation from

a shock wave front in cesium vapors, ZhTF,
no, 2, 1972, 333-335,

The instability of shock discontinuity, which creates regions
of spontaneous acoustic radiation on shock adiabats is calculated, According
to an carlier developed mathematical criterion for the existence of this
instability, there must be a sharp right inflection (dv/dP)I of the shock adiabats
in the P-V plane. The inflection may be caused by ionization and electronic
excitation of gas heated by a shock wave. Calculations of cesium vapor shock
adiabats indicate that the instability criterion is satisfied for certain shock
wave parameters, The lower and upper bourdaries of the hydrodynamic

instability region were calculated (Fig. 1).

- - — — - S m— o et s bt 2 gy
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Fig. 1. P-V diagram of cesium plasma

l- curves of constant deviation from the ideal state I'= eZ/kTpD x
const; 2- shock adiabats corresponding to a temperature T, (in °K
next to the curve), states ahead of the front are on the cesium
saturation curve, He pressure P, (in hundreds of atm) in the high-
pressure chamber is shown along the adiabats; 3- instability
boundary; A- schematic diagram of shock adiabats; the shaded

area is the region of instability, R- the Rayleigh line (P-Pg)/(Vy-V)=
const,
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The calculated lower boundary is within the capability of the experimenta]
realization of the instability type studied, In view of the Possibility of
observing acoustic radiation in 5 C€Slum pneumatic shock tube, He pressures
and shock adiahats are given for use in Selection of the shock discontinuity
Parameters, The realization of the upper boundary of the Spontancous
Acoustic radiation region is beyond the capability of even electric discharge
shock tubes, It is suggested that acoustic radiation may cause fronta]

Beresin, ¥y, Ao, and G, 1. Dudnikovy,
Thermal conductivity effect an the Structurs
_'*_‘_

and eritical pParameters of Shock waves in

Plasma, ZhPMTF, no, 2, 1972, B-14,

rarefied Mmagnetoplasma are analyzed with ang without allowance for finite
(o) and electron thermal conductivity (X). The wave structure in the Presence

of cand X is described by differentia] €Quations of motion and energy, The

Problem of the standing wave structure is solved by first reducing the initial

* (1).

equations, the shock wave critical parameters M and H,, are calculated,
assuming that the P ahead of the wave is <1, The Numerical solution of
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the standing wave problem in the presence of g and X shows that the shock

wave profile is monotonic at H1 <Hix = 3 and M < M = 3,46 and discontinuous
at H, >3 and M>3,46. The M. and H, are ~2,76 and =%2.66 when X is
disregarded. The particle density profile Ap decreases faster than the
magnetic field profile AH’ when M is increased to 3.44, and Ap tends to become

discontinuous. At AH = const,, Ap increases with an increase in X.

To solve the unsteady wave problem,initial and boundary
conditions are added to the initial set of equations in Lagrangian coordinates,
Numerical solutions are presented graphically for three ranges of M, The
shock wave is quasistationary at M<2,5 and a magnetic field amplitude of
A =1,5-2 at the plasma boundary, The shock wave quasistationarity is
deduced from the presence of the piston-to-wave front transitional region
of the typical H and N profiles (region 2, Fig. 1),

(Z) )

Fig. 1. Typical profiles of magnetic field

H (curve 1) and particle density N (curve 2)
in a shock wave with A = 1,5, B = KX = 2, and
M =2,2,

Numerical solutions at M<2,5 for X * 0 and X = 0 indicate, in agreement with
the stationary solution, that the shock wave front expands negligibly in the
presence of X, At M in the 2,8 - 3,3 range, A = 2,7-4, and H = 2,9-3,0,

a qua.istationary isomagnetic density jump in the presence of X occurs (Fig,
2).
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Fig. 2, Typical H (1), N (2), dN/dx (3), and
dH/dx profiles in the wave frontat A = 2.7, B =
2 and M= 3,1

At A>4, shock wave H and V increase steadily leading to the breakdown of
the isomagnetic shock, The breakdown occurs when My > 3.4, A = 5-8, and
Hy = 3-3.2, The acousto-ionic wave velocity simultaneously becomes equal

to the particle velocity behind the shoc!: wavefront,

Lomakin, B, N,, and V. Ye. Fortov.
Pulsed x-raying of shock waves in dense
cesium vapors. TVT, no. 6, 1971, 1291~
1293,

A nonideal plasma was diagnosed using pulsed x-rays to
determine the density N of cesium plasma generated in a shock tube, A
pulsed regime was selected to produce high-intensity x-rays to maximize
the sensitivity S of the experimental instrument and minimize the statistical
error, A standard BSV-9 x-ray tube with a tungsten anode was used ata 1.5a

peak current, Computation of S under the given conditions indicates that a
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maximum S of N determination in the (5.1018 - 1020) cm™? range can be

achieved by selecting an appropriate value of voltage across the tube

within the 25-55 kv range for each N, Due to the high operating temperature
(~600°C) the radiation detector and x-ray tube were located at a

considerabe distance from the shock tube, which necessitated tlc use of
special adjusting devices, The apparatus was calibrated against Xe. The
oscilloscope traces of x-ray absorption in the Cs plasma behind the oncoming
shock wave show the presence of a vapor lock behind the wave front, This
produces a reflected shock wave which is important for diagnostics of strongly
nonideal plasma regions, Tabulated experimental N = Na+Ni data for an

Xe and Cs weakly nonideal plasma (behind a ‘hock wave frontj differ by

~5% from the theoretical N, + Ni data. The .ata obtained for the strongly

nonideal plasma region will be published subsequently,

Zlmayeva, Ye., A., and A, I. Kharitonov,
Formation of a bow shock around blunt bodies
in shock tubes, MZhiG, no. 6, 1971, 131-136,

The interaction of a supersonic shock wave with blunt bodies
was studied in a shock tube to examine the bow shock detachment in a non-
steady flow. A single diaphragm shock tube was used with LL/D = 280, where
L is the diaphragm =~ to - model distance. The tube initial air pressure was
9-80 torr and the shock wave-front velocity u; was 850-1500 m/sec. A sphere,
cylindrical models with variable blunt nose curvature radii, and a blunted cone
model were tested, The coordinates and the bow shock shape were determined
from interference patterns recorded by a Mach-Zender interferometer using
a pulsed ruby laser source, The bow shock propagation path was defined
more accurately, and the uniformity and duration of oncoming flow were
determined from photographs of time sweeps., The measured bow shock
detachment 0, accurate to 0,005-0,007, varied with time t according to
similar patterns for all models and flows studied (M1 of the wave front = 2,57-

4,4) and remained practically unchanged after reaching a steady value 6=
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The shock detachment profile and velocity were formulated as approximate

functions

§om (o) 2Wol 1/ 00— us /200171 Vs (L Vo /usby 1/ 1)1 (1)
of a given experimental 61 value at a time t,, V,=Vatts 0, and u, flow
velocity behind the shock front, The (1) plots describe with a sufficient
accuracy the experimental time dependence of 6 for all bodies studied at the

cited Ml' The formulas

O == (u /Mt H 11807, Ve (1200 douy)
(2)

were also derived and give 6 ,and V as functions of the experimental §,. At
small M, the 8 values calculated from (2) and the experimental 0, are more
accurate than 0 values calculated from (2), using theoretical 0, calculated
by the Ambrosio-Wortman formula. Times t at which 6 = 0,8 0u (steady
flow) were calculated using experimental Gw for bodies with different r, It
was shown that t_ increases with increase in r/R from 0.5 to 1,5, and

decreases for the same body with an increase in Ml'

Gaponov, S, A., and A, A, Maslov, Numerical

solution to problem of full stabilization of a

supersonic boundary layer, ZhPMTF, no, 2,
1972, 39-43,

A numerical solution to the problem of full stabilization of
a supersonic boundary is introduced, with no limitation on the parameter €
of asymptotic expansion which in previous studies was assumed to be small,

This assumption, valid at M<2, might produce erroneous data at higher M,
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because € =(¢2R).l/2

R = Reynolds number). Full stability of a supersonic laminar boundary

is larger at M = 2-6 (&= perturbation wave number,

layer is defined as the critical surface temperature T:, at which the
instability region in the T, -aR plane disappears, Full stability is
consequently represented by the curve of asymptotic R values., This curve
was calculated for M = 1,4-3,2 using the set of cquations developed by Dun and
Lin [J. Acronaut, Sci., v. 22, no. 7, 1955]. The oR - T,, Plots at M = 1.4
and 2.2 revealed the existence of two neutral stability curve branches at a

*
significantly low T The two branches merge into one curve at Tw . Veiocity,

w.
temperature, and density distribution in the main flow were calculated by
numerical integration of the equation of laminar boundary layer past a flat

plate and the set of equations

:lv.lz(:”:i' (l 1....06)
) (1

with boundary conditions

20) %) @ 0

(2).

Equations (1) were derived hy introducing 21-26 variables into the Dun and
Lin equations, The lower branch of the neutral stability curve was plotted
in @R coordinates for M= 2,2 and T = 1.82, The effect of M on T, is

shown in Fig. 1.

5 ¢ f 7

Fig. 1. Temperature T _ of full stability versus
M: 1 and 2 - the first and second neutral curves
calculated by the authors; 3- full inviscid stability
curve; 4- curve calculated by asymptotic method
of Dun and Lan,
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At M>2, the au.l.ors' data also differ qualitatively from that calculated
by the asymptotic method. This discrepancy is particularly evident at
M>2,7, presurnably because of the growing effect of temperature perturbations

on velocity perturbations,

Lerman, M, 1. Hypersonic {low around

a body of revolution subjected to fan jet
blOWingc VLU. nO.?, 1972. 96.1010

A theoretical analysis is prescinted of hypersonic flow over
an unyawed body of revolution with injection of a supersonic gas jet normal
to the external flow. The fan jet is injected through a rad‘al ring nozzle

in the body surface (Fig. la).

rig. 1. Theoretical diagram: a) body of revolution
witn fan jet in downwash flow, b) meridian cross-

scc ior of equivalent body formed by the jet.
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The concept of an equivalent body (Fig. 1b) is intraduced to determine the
depth h of fan jet peneiration into the downwaeh flow, The generatrix of the
equivalent body is reprusented Ly the arc AB = 7 /2 with a central point C
and radius r. The depth h, equal to the height of the cquivalent body, is
determined from the equality of the jet aerodynamic force A on the equi-
valent body to the jet flow momentum per unit time through the radius BC
surface of revolution., When calculating Ai' it was asrumed that the flow in
the volume ABC is adiabatic, the gas is perfect, the zero-slip point coincides
with C, and the gas flow velocity through the BC cross-section is determined
by isentropic expansion. The radius rp of the shock wave in the vicinity of
the body in t first approximation by analogy with a cylindrical explosion is
determined to be

. {J ‘l
"“(:-T:;‘nt)T( W) (n,

where X« is the ratio of specific heat capacities, a (X« ) is a constant for a
given Xx, P is the pressure, Mg is Mach number, and E is the explosion
energy per unit length, The shock wave shape is determined from the
equalities of E with the body drag A ahrad of the injection cross-section

Xoe At h maximum, and behird the X, cross=-section. Application of the cited
formulas to a calcuiation of the shock wave shape around a spherically-

blunted cone is illustrated in Fig, 2 by the curve adc, Curve ade illustrates

r, ¥
l‘l!
1)
i
LE =
&
]
e |
. L
I AEREESNBEBELIRA RS L
I'?Jl’l?n’nl‘:.lju--l',
Fig. 2. Ilustration of calculations: rj is the

radius of blunt nose curvature » = x-r;lr;.

the shock wave shape calculated in a second approximation, with allowance
for counter-pressure. The discrepancy between the approximations is
<3%at z =15, but could reach 10-20% at Mw = 1-5,
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Korobeynikov, V. P., P. 1. Chushkin, and

K. V. Sharovatova, Gazodinamicheskiye
funktsii tochechnogo vzryva (Gas dynainic
functions of a point explosion). Vychislitel'nyy
tsentr AN SSSR, 1969, 48 p. (RZhMckh, 7/22,
no. 7TB221K)

This monograph analyzes the problem of a point explosion
with counterpressure in a stationary, inviscid and non-heat conducting
gas having a constant adiabatic index y. The pressure and density of the
ambient gas arc taken as constant over an arbitrarily large volume. The
treatment is given in five sections as follows: (1) method for calculating
dimension loss gas dynamic functions; (2) construction of tables and formulas
for determining the physical parumeters of an explosion; (3) calculation of
certain additional characteristics of gas flow: (4) use of the tables to solve
specific gas dynamic problems; (5) tables of gas dynamic functions of a point

explosion.

Tabulated calculations are given for flat, cylindrical and
spherical explosions in gas at ¥ values of 1.3, 1.4, and 5/3. The tables
include basic functions defining the gas flow field over long time intervals.

The work is presented as an extension of similar data on initial stages of
an explosion, as previously calculated by the authors and otherr. Possibilitics
are also pointed out of using this tabulated data for solving other problems

in explosion gas dynamics, as well as in hypersonic aerodynamics.
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Barinova, T. Ya. Plane waves in nunideal

clastic medium with lag. IAN Tadzhikskoy
SSR., no. 1, 1972, 14-19,

The propagation of plane SH and SV shear and compression
waves in compact and loose rocks is analyzed theoretically, based on
scismic wave propagation in real solid mudia. The analysis uses Gurevich's
model which allows for wave absorption by the medium. SH and SV waves
are deecribed by a u(x, y, 2, t) function which is expressed in terms of
complex number ¢ to satis{y the equation of wave propagation in the Gurevich
model. The complex numbers represent the projections kx' ky. and 'tt
of the wave vector k(W) on coordinate axes. The compression wave is
similarly described by the € (x, y, z, t) potential and an equation for k{u).
Two kinds of shear and compression waves were examined. The phase
velocities and coeliicients of wave absorption were formulated on the
assumption that the planes of equal phases are cither parallel or nonparallel

to those of equal amplitude. In the first case, wave attenuation p-oceeds in

the direction of the wavefront propagation and the wave is called "homogenecous'

In the second case, shear waves propagate only along the 2 or X axis, if the
angle of incidence 8 of a ray = 0 or #/2, respectively. The absorption
coefficient along the 2 axis increascs, and that along the x axis decreases,
with an increase in 8. Such waves arc called "inhomogencous" in an
absorbing medium. The formulas for the phase velocity and the wave
absorption cocfficient are simplified for both the shear and the compression
waves propagating in compact rocks (at a 3 -4 km depth) or those rocks

intermediate between compact and loose.
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Kapustyanskiy, S. M., and K. I, Shkhinek.
Propagation of two-dimensional waves in an

elastoplastic medium. MTT, no. 3, 1972,
48'55.

The solution to an clastoplastic wave problem is oblained
*ith an improved approximation which allows calculation of prupagation
at a ¢/D ratio higher than those previously used (c is the propagation
velocity of a longitudinal wave in the medium and D is the constant
propagation rate of a free surface load). The solution is based on
patterns in the wave front and ray orthogonal coordinate system in parallel
with a z-r Cartesian coordinate system (Fig. 1).

Fig. I. Wave propagation pattern in an elastoplastic
half spice under load: | and 2 curves - longi-
tudinal and transverse wave fronts; 3 - rays

An instantly applied maximum load is assumed 10 be normal
to the Prandtl-Reuss plastic material surface boundary, obeying the Miscs
yield condition. The main flow propagates along the rays. The front
transverse flow ratv v, is an order of magnitude lower than V, of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>